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ABSTRACT 
Carbon and oxygen stable isotopic abundances of fossil mammals can provide 

valuablc palaeoenvironmcntal information, provicHed thaï diagencsis did nor 

alrer the biogenic signal beyond récognition. An isotopic investigation of 

mammal hunes and reeth from Çalta (Plioccnc, l'urkey) demonstrates ihat 

enarnel can bc used for palaeoenvironmcntal rccon.struction, but thaï a diage- 

netic .signal bas been uverprinted on dentine and bonc. Ry conipari.son wich 

the rcsults of similar studies on the Miocene furkish sitc.s of Pasalar and 

Kemiklitepe* it appears that the environment of Çalta was open and proba- 

b!y steppic, a conclusion in agreement wich the study of rodent faunas. 

RÉSUMÉ 
Legiseman de venvhréspf'wvhiei de Çdha, Ankiinii  turquie. II. îitvestigtition 

isotopique. Les abondance.s isotopK]uc.s en carbone et en oxygène des os ci des 

dents de mammifères fossiles peuvent apporter des informations coiKernant 

les paleoenviroimcmcnt.s, 'â condition que la diagenèse n'ait pas altère le 

signal biogènique. Une étude isotopique d o.s et de dents de mammifères de 

Çalta (Pliocène, Turquie) munrre que rèmail peut erre utilise pour les 

rcconsiiiuiions palcocnvironncmcntalcs. mais qu'un .signal diagenétique s’est 

vSiirimposc sur la dentine et l’os. Par comparaison avec les réstiltars d études 

similaires menées sur les sitc.s du Miocène de Turquie de P.isalar et 

KcmiklicepCt il apparaît que renvironnement de Çalta était ouvert et proba¬ 

blement steppique, une conclusion en accord avec le.s résultats de l’étude des 

faunes de rungeurî. du site. 
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INTRODUCTION 

Palaeoenvironmental reconstruction is one of the 

goals of chc scudy ol fossil vertebratcs. During 

their lifctime, vertebratcs record in rheir tlssues 

geochcmical data linkcd to their envirtïnment. 

One case particiilarly relevant tor vertebrate 

palaeontology is the fact thaï the carbonate ions 

incorporated within chc apacitic lattice ol bone 

and tooth minerais are in isoiopic equilibrium 

with the bicarbonate in circulaiing blood sérum. 

Thus, rhe isotopic signatures ol carbon and oxy- 

gen ofthe.se ions are linked to dictary and envi- 

ronmental parameters ar the rime of their 

incorporation, such as the kind of plants ar the 

beginning of the food web and chc origin of 

drinking vi'atcr (Krueger &c Sullivan 1984; Lee- 

Thorp 1989; Bocherens & Mariocti 1992; 

lacumin et al. 1996). Provided that the.se isotopic 

signatures hâve not been altcred duting diagcnc- 

tical processes, they repre.seut potenrial tools that 

can be used ro decipher dietary habits and life 

environments of lossil .specimens. Some 

cxamples of studies using chis approach are the 

détermination of diet différences in rwo 

Pleistoccnc baboon spccics (Lee-Thorp et al. 

1989), and the change.s in végétation cover 

during rhe Ceno7oic In Pakistan (Quade et al. 

1992) and in South America (MacFadden et ai 

1994). By using isotopk vaiiacions recorded in 

different teeth faim the same fossil indivîduals in 

some favorable cases, ic is even possible lo get 

information on dietary and/or cnvironmental 

changes that occiirrcd during the Individual lifc¬ 

time (Koch rT/?/. 1989). 

Isotopic investigations hâve alrcady been perfor- 

med in Turkish Cenoxoic faunas> i.c. chc middlc 

Miocene Fauna of Pasalar (Quade et al 1995) 

and the late Miocene fauna of Kemikiieepe 

(Bocherens et al 1994b). In this context, It was 

interesting to perform an isotopic study of the 

Pliocène fauna of Çalca. 

MATERIAL  AND METHODS 

The fossiliferous locality is close to the village of 

Çalta, around sixty kilometers northwest of 

Ankara, in central Turkey. A first mention about 

tbis site is to be found in 07.ansoy (1955). The 

site bas yiclded a rich vertebrate fauna in the 

1970 s (Ginsburg et al. 1974; Sen et ai 1974; 

Sen 1977, this volume). The age of the locality is 

Pliocène (Sen 1977). 

Tooth denrine and enarnel, bone and sédiment 

simples bave been 3naly7ed isoropically, jnclii-  

ding specimens belonging to specics with licrbi- 

vorous [Gimjfa. bovid and llipparion heintzi) 

and carnivonius (a hyentd, Cfhwvaportetes and a 

racoon-dog, Nyctereuta) habits. The choice of 

these rwo kinds of specimens hâve been dictated 

bv ihe report of différences in the carbon isoto¬ 

pic abundancc.s in herbivorc.s and carnivores 

from temperate and cold areas (Bocherens & 

Mariotti 1992), although such différences hâve 

not been ob^ierved in SoutI» Africa (Sillen 8e 

Lee-Thorp 199'i). Isotopic abundanccs of 

enamel, and of bone and dcntine, bave been 

compared in order to check for diagenetic altera¬ 

tion silice dcntinc and bone are nitich les.s stable 

to diagenetic alteration lhan ciuincl (Lee-'riiorp 

van der Merwe 1987: Koch et al 1990) 

Préparation of bone and tooth carbonate 

hydroxylapatite has been pertormed according to 

rhe protocol u.scd by Lee-Thorp (1989). modi- 

fied according to Bocherens et al (1991). Ali  

samplcs vvere cicaned and enamel was .separated 

from dentine using a dentLst wheel. The powde- 

red leeth were treated with 1 M acetic acid-Ca 

acétate buffet for twenty-four bouts to leach dia¬ 

genetic carbonate minerais, and rhen rinsed with 

dislilled water several tintes. They were reacted 

with 100% plio.splioric acid al 50 “C for twelve 

bouts, rhe cvolved carbon dioxide was purified 

by cryogénie distillation in a vacuum line and 

iniroduccd in a VG SÎRA 9 ga.s source isotopic 

ratio mass spccirometcr for ineasuremeiit of its 

carbon and oxygen isotope compositions. 

Carbon dioxide was extracted from rhe sédiment 

samples rhe same way. Isotopic abiindances are 

normalized ro inrernarional laboratory calcitc 

standards analyzcd concurrcntly with the apatite 

samplcs. The delta value for cach isotope is cal- 

euKued as i>^X - [(R.HnpI. / Ran.pt-) - \]X 1000, 

whcrc Ô^X - or 5^^0, and R = or 

rcspccrively. The standards are PDB for 

carbon and SMOW for oxygen. Analytical préci¬ 

sion was better than 0.1%o for 5^-^C and 0.2%o 
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^ Sédiment n Carnivore enamel 1 Carnivore dentine 

O Herbivore enamel ® Herbivore dentine • Herbivore bone 

Fig. 1. — Variations of carbonate hydroxylapatite ô''®0 values between different mineralized tissues of single individuels 

and species in Çalta. 

for Ô’^O values. Since che correction formula is RESULTS 

not known for oxygen in carbonate hydroxylapa¬ 

tite, the correction formula for calcite at the The results of isotopic analyses are presented in 

same température was used (Koch et al. 1989). table 1. In the sédiment, the and the 
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Fig. 2. — Variations of carbonate hydroxylapatite values according to trophic level in Çalta (enamel), modem South African 
savanna (Sillen & Lee-Thorp 1994) and modem cold and temperate areas (Bocherens â Mariotti 1992). 

values range Irom - 9.2 to — 3.0%o and trom 

21.9 to 23.3%o respectivelv. The value of 

Hipparian bone is — 8.4%f), values in denti- 

ne range from - 9.8 to - 8.9%t) in herbivores and 

from — 7.3%« lo — 9.(VMh) in carnivores, whereas 

value i.s 27.4%o in Hipparian bone, and 

Ô'^O values range from 26.5 to 30.1%o in denri- 

ne and from 23.4 to 31.4%o In enamel. 

DISCUSSION 

An ecological interprétation of the measured iso- 

topic abundances is possible only if  the biogenic 

values have not been significanily altered by dia- 

genetiail processes, ’l'hus the first part of the dis¬ 

cussion will  dcal vvith diagcneiic aspects of rhe 

rcsults, whereas the second part w ill  discuss pos¬ 

sible implicatitms, 

PRESERVArit)N OE BIOtiKNMC IStri'OinC ABUN¬ 

DANCES 

Two approaches can be used to estimate the 

degree of possible alteration of the isotopic abun¬ 

dances: the isotopic différences becw'ecn altered 

(bone, dentine) and possibly non altered tissues 

(enamel), and the disruption of biogenic Isotopic 

signais, siich as the différence berween herbivores 

and carnivores. 

Ploiting ihe différences in rhe and rhe ô'^O 

values of bone, dentine and enamel in rhe same 

spccimens lor thedifferem analyzed species clearly 

shows rhat dentine Ô’^C values are svstemaiically 

le.ss négative tlian thosc ol enamd ol the same 

specimens:, whereas Ô‘”0 values rend to bc less 

scaiiered for dentine th.an for enamel (Fig. 1). 

Since the scdimenc S-KT. values are less négative 

than thosc of ail enamel sample.s, an alreraiion of 

the biogenic carbon isotopic composition would 

Icad to an increase of the resuhing Ô'T2 values, 

wliich is the case for rhe 8'-'C values measured in 

dentine when compared to those measured in 

enamel of rhe same eceth, and this increase is 

even more important in the case of Hipparian 

bone, relative to dentine. In the case of oxygen, 

the Ô'^Ü value.s of sedimenr arc lower than chose 

of enamel. However, not ail dentine values 

appear lower than ihose of the enamel of the 

same tooth. Soine are roughly equal [ïUpparion 

and hyena), and one is clearly higher (racoon- 

dog). It looks as if  the dentine values tend 

to reach an average value close to 26%o, 
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Table 1. — and 6^®0 values of samples from Çalta. Due to the small size of the teeth, ihree specimens hâve been pooled toge- 

ther in the case of Nyctereutes. Enamel values presented in bold hâve been used for figure 3. 

Sample Taxon Piece Number Ô13C 
{%.) 

S180 
{%.) 

Sédiment 100500 -9.2 23.3 
Carbonated concrétion 100600 -7.5 22.8 
from palaeosoil 
Carbonated 100700 -3.0 21.9 
hymenoptere nest 
Giraffe Giraffa sp. enamel 100800 -12.0 31.4 

dentine 100800 -9.7 30.1 
Bovid Bovidae indel. enamel 100900 -11.4 31.4 

dentine 100900 -8.9 26.8 
Hyena Chasmaportetes sp. enamel 101000 -11.8 26.5 

dentine 101000 -9.6 26.5 
Racoon-dog Nyctereutes sp. enamel (3) 101100 -10.6 23.4 

dentine (3) 101100 -7.3 26.8 
Hipparion Hipparion heintzi enamel 103400 (ACA-255) -10.4 27.2 

dentine 103400 (ACA-255) -9.6 27.3 
Hipparion Hipparion heintzi enamel 103500 (ACA-266) -10.5 27.2 

dentine 103500 (ACA-266) -9.8 27.3 
Hipparion Hipparion heintzi bone 103600 (ACA-98) -8.4 27.4 

around 3%o highcr than the value of j»ediment 

carbonate. It appears thus thaï only enamel iso- 

topic composition can evcntually bc used for 

palaeobiological reconstruction, in agreement 

with previous srudie.s (Wang Ôc Cerling 1994). 

The values of herbivore and carnivore 

enamel do not apfjear differeiu* which is similar 

to what is observed in modem South Africa 

(Sillcn Lcc-Thorp 199't) but different froiti  

what is observed in modem and Plcistocene 

Europe (Bochcrens & Mariotti 1992; Bocherelis 

et ai 1994a). However, the absolute values are 

less négative in the Çalta samples than in the 

modem South Africaii unes. This could be due 

to the déplétion in recorded in modem 

atmospheric CCT thut resuli from the industrial 

developnieni since 150 years (Friedli et 1986), 

as suggested by Lee-Ehorp (submitted). This last 

author considers that modem values should bc 

shifted by l.5'î6o (less négative) before cornpari- 

sons are made with values measured on fos- 

sils. After such a correction, chc Çalra values srill 

appear less négative than the South African ones, 

but the différence is not ve-iy large. Moreover, the 

ô’-^C values measured on Çalta samples appear 

just slightly higher rhan those of modem herbi¬ 

vores from temperate and arctic environments, 

and very similar if  a l.5%() incrcasc is considered 

fur modem values. I hus, the S'-'C values mcasu- 

red on Çalta samples do not appear conitadic- 

tory with data gathered from modem environ¬ 

ments. 

As far as enamel S'^O values are concerned, the 

comparison with modem biogenic signais is not 

as straightfonvard as for carbon. A clear différen¬ 

ce was detnonstrated for hippopoiamuses relative 

to terrestrial herbivores ̂in modem ajtd fossil 

environments (Bocherens et al. 1996). 

Lhifortuaaiely. nu hippopotamus has been found 

at Çâlta. Anochcr isotopic particularity found in 

modéra herbivores is higher 0**^0 values in 

giraffes relative to other herbivores, probably due 

CO their dietajy and drinking habir.s (Quade et al. 

1995). If is noreworthy that among Çalta herbi¬ 

vores, the giraffe spccimcn présent the highest 

ô'^'O value (Table 1). Finally, low'er values 

bave been reported for carnivores relative to her¬ 

bivores among modem mammals from Kenya 

(Ambrose 1992). Although the number of 

Svtmples is low, hoih Çalta carnivores présent 

lower â'*^0 values than any analyzed herbivore 

(rom ihesitc (Table l). 

Since no cxpcctcd biogenic signal indicatc signi- 

ficant alteration of in vivo isotopic signatures, it 
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to 

Fig. 3. — Carbon and oxygen isoto- 

pic abundanœs in enamel carbona¬ 
te hydroxylapatite of Miocene and 

Pliocène herbivores from Turkey 

(values from table 2). 

is legitimate to assess some palaeobiological 

implications of these isotopic compositions, 

which will  be donc in rhe next section. 

Palaeobiologicai. implications of isotopic 

SIGNATURES 

The carbon isotopic compositions of ail the spé¬ 

cimens indicate that no C4 grasses were présent 

in their dietary components. This situation is 

similar to modem central Anatolia, which 

belongs to the Huro-Siberian phytogcographic 

région (Klein 1994). It is notcworthy that colla- 

gen carbon isotopic abundances in modem her¬ 

bivores from Turkey showed no évidence of C4 

grasses consumption either (Bocherens 1992). 

The isotopic différences between herbivorous 

492 GEODIVERSITAS • 1998 • 20(3) 



Isotopic investigation of the Pliocène of Çalta 

Table 2. — Average values and standard-déviations of and 5’®0 values of terrestrial herbivore enamel from Pasalar and 

Kemikiitepe used for figure 3. Pasalar data are from Quade étal. (1995) and Kemikiitepe values are from Bocherens et al. (1994b). 

Site Taxon group n 8'3c 
(%.) 

6’«0 
r/..) 

Pasalar Hypsodontus pronatiçomis- bovid 5 -10.3 ±0.3 27 3+ 1.6 
Pasalar Gomphothenum pasaiaremse mastodont 4 -11.4 ±0.4 24.610.9 
Pasalar Giraffokeryx aff- punjaPiensus giraffe 4 -12.710.5 30.3 + 2.5 
Pasalar Anchitheriuw aorellanense equid 3 -11.410.5 25.210.7 
Pasalar Caprotragoides siehlini bovid 4 -12.7±0.4 23.4 ±1.4 
Kemikiitepe Choorolophodan sp mastodont 3 -11.2 + 0.1 26.9 + 0.3 
Kemikiitepe Hipparion sp. equid 4 -10.4 ±0.6 26.1 ±0.7 
Kemikiitepe Samotherium sp. giraffe 1 -10.1 27.8 
Kemikiitepe bovtd sp. bovid 3 -10.5 ±0.5 25.8 ±2.1 

taxa can provide palacoenvironmcntal informa¬ 

tion. The isotopk investigation of the rich 

Pasalar fauna has shown that terrestrial herbivo- 

rous cluster according to their taxonomie affini- 

ties (Quade étal 1993). Ir seems that a tendency 

can bc drawn from low and 5*^0 values to 

higher Ô^H.1 and valuCvS (Tible 2, Fig. 3). 

This tendency could reflect rhe facr that plants 

with low 8’“'C values are those from closed- 

canopy forests, where high humidity mainlaias 

low Ô*^0 values in herbivores whereas plants 

with higher values arc characteristic of open 

environmencs, wliere more evaporatitm in plants 

lead to increased values in leaf water, and 

consequcntly in herbivores feeding on such plant 

marerial (Quade étal 1995). One notable excep¬ 

tion to this pattern is the case of browsing 

giraffes, with low 61 values and high ô'^^O 

values, such as Girajfokeryx from Pasalar and 

Giraffa from Çalta (Fig. 3). This singular pattern 

can nonctheless bc explaincd by high évaporation 

in top ciinopy Icavcs eaten hy giralfcs (Quade et 

al. 1995). Ir is noteworthy that the giratfid 

Samotherhirn does not ht into this pattern, but 

this gênas has been recognized as le.ss specialized 

in browsing than r)'pical girattes (Solounias et ai 

1988). l'Iic isotopic composition of ihc different 

taxa of Çalta herbivores fit to this pattern dcFi- 

ned from PasaUr and Kemikiitepe scudics, and 

more particularly to the most open environmen- 

tal pôle of the pattern (Fig. 3). The conclusion 

based un isotopic hiugeochcmi.stry of an open 

environincm in Çalta is in agrecment with the 

conclusions based on the high proportion of 

rodents adapted to steppic and open environ- 

menrs, such as Psendomenones and PUospalax and 

on the low proportion of murids (Sen 1977), as 

well as on rhe low^ numher of Soricidae species 

(Reumer this volume). Ir is interesting to notice 

that the analp.ed hipparions belong to the robust 

species //. heintzi  ̂described as a subunguligrade 

walking on a soft soil in an arid context rather 

than to humid conditions (Fisenmann & 

Sondaar this volume), Fhc i.sotopic results 

confirm thaï tlie analyzed individuals experien- 

ced an open environment with arid conditions. 

The occurrence of rhe Suidac Sus arvcrncmh in 

Çalta i.s inrerpreted as reflecrirrg a forested envi¬ 

ronment (Guérin et ai this volume). 

Unfortunatelyv it was nor possible to perform iso¬ 

topic measurements on enamel from this .species, 

which could hâve allowcd ro verify thar rhe suid 

spedmens from Çalta actually lived in a forested 

environment, 

le is difficult to compare these isotopic aliun- 

dances in terms of global climatic changes from 

the lowcr Miocene to the Pliocène bccausc of the 

large variations of 6'^0 values between different 

sampics from a samc site. The micro-environ- 

mental factors seem to have a large influence on 

the o.xygcii isotopic abundances of fossil mam- 

mals. In order to prevent this phenomenon to 

bias rhe climatic record, it shoiild be ncccssary to 

seiccr a given taxon with wcJl-known relation- 

ships between the 6*^0 values in meteoric waters 

and those ofciiamcl apatitc. An additlonal com- 

plicatiiig factor is the necessity to work on 

enamel due to the poor stability of bone during 

fossilization. Unfortunatcly, enamel présents 

significant isotopic variations from one tooth to 
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the othen or even within ont* cooih> duc co ilic  

fast mincralizacion of chis tissuc, which records 

environmeiital paramecers durin  ̂a brict instam 

of the iiidividual Ufetime (Bryani et al. 1996; 

Lee-Thorp et ai 1997). Howc^^cr, rhis problem 

can be turned inco an advantage in the case of 

studying short-rerm climatic variations, such as 

seasonal changes. 

CONCLUSIONS 

The isotopic biogeochemistry of carbonate 

hydroxylapacite of Phocene mammals from Çalta 

shows chat only cnamcl can bc used for 

palaeocnvironmcntal reconstructions, and that 

herbivorous taxa indicate an open environment, 

wiih a rather important évapotranspiration in 

plants. These conclusions are in total agreement 

with those based on rhe sludy of the rodent 

fauna. 
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